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RESUMO 
 
Os objetivos no presente estudo foram: 1) Avaliar a prevalência de ramificações 
apicais (RA) do sistema de canais radiculares em diferentes grupos dentários; 2) 
Comparar três métodos de imagem na detecção das RA; e 3) Avaliar o 
selamento apical utilizando dois comprimentos de trabalho. Para isso, foram 
utilizadas a radiografia periapical, tomografia computadorizada de feixe cônico 
(TCFC), microtomografia computadorizada (micro-CT) e nanotomografia 
computadorizada (nano-CT). Foram escaneadas no micro-CT 475 raízes dos 
diferentes grupos dentários para verificar a prevalência de RA. Observou-se a 
presença de RA em 253 raízes (53.3%), sendo as raízes dos pré-molares 
superiores unirradiculares o grupo com maior prevalência (83.3%), e a menor 
nos incisivos superiores (17.2%). Para avaliar a capacidade dos métodos de 
imagem na detecção das RA (radiografia periapical em 1- e 2-incidências e 
TCFC), 160 dentes escaneados no micro-CT foram selecionados como padrão 
de referência. Observou-se que a TCFC apresentou maior acurácia na detecção 
das RA, mesmo quando adquiridas 2-incidências de radiografia periapical 
(p<0.05). O selamento apical dos canais radiculares foi avaliado utilizando-se 22 
pré-molares, divididos igualmente em dois grupos: grupo 1 (G1) – canais 
instrumentados 1 mm aquém do forame apical; e grupo 2 (G2) – instrumentação 
limitada ao nível do forame apical. Após o tratamento endodôntico, foram 
adquiridas imagens de nano-CT e analisado o preenchimento da região apical 
do canal principal e ramificações. Observou-se que em G2 houve um maior 
preenchimento do canal principal quando comparado a G1 (p<0.05), porém, não 
houve diferença estatisticamente significante entre os dois grupos quanto as 
ramificações (p>0.05). Além disso, as ramificações foram menos preenchidas 
que o canal principal em ambos os grupos (p<0.05). Foi possível concluir que: 1) 
A prevalência de RA é consideravelmente alta; 2) A realização de duas 
incidências radiográficas não aumentou a acurácia diagnóstica da radiografia 
periapical, sendo a TCFC superior na identificação das RA; e 3) O comprimento 
de trabalho estabelecido ao nível do forame apical permitiu um maior 
preenchimento do canal principal, no entanto nos dois grupos as ramificações 
foram pouco preenchidas pelo cimento endodôntico. 
Palavras-chave: Cavidade Pulpar. Microtomografia por Raio-X. Tomografia. 
Computadorizada de Feixe Cônico. Nanoestruturas. 
ABSTRACT 
The aims of this study were: 1) to assess the prevalence of ramifications in the 
apical region of root canals from different dental groups; 2) to compare three 
image methods on the detection of apical ramifications; and 3) to assess the 
sealing of root canal system apical region after shaping at different working 
lengths. For this purpose, periapical radiograph, cone-beam computed 
tomography (CBCT), microcomputed tomography (micro-CT) and nanocomputed 
tomography (nano-CT) were used. Micro-CT was used to scan 475 anterior and 
posterior dental roots to verify the prevalence of apical ramifications (AR). AR 
were present in 253 roots (53.3%). The single-rooted maxillary premolars had the 
greatest prevalence (83.3%), and the maxillary incisors the lowest (17.2%). To 
compare the image methods on the detection of AR (periapical radiograph in 1- 
and 2-incidences and CBCT), 160 teeth scanned in the micro-CT were 
established as reference standard. It was observed that CBCT shows higher 
accuracy in detecting ramifications even when two incidences of periapical 
radiographs are acquired (p>0.05). The apical sealing of the root canal system 
was evaluated using 22 premolars, equally divided into two groups: group 1 (G1) 
- root canals shaped 1 mm short of the apical foramen; and group 2 (G2) - root 
canals shaped at the level of the apical foramen. After endodontic treatment, 
nano-CT images were acquired and the sealing of root the apical region and 
ramifications were evaluated. G2 filled a greater volume of the main canal when 
compared to G1 (p<0.05), however, there was no significant difference for the 
filling of root canal ramifications between groups (p>0.05). Moreover, in both 
groups, ramifications were underfilled in comparison to the main canal (p<0.05). 
It was concluded that: 1) the prevalence of AR is considerably high; 2) The 
acquisition of periapical radiograph in 2-incidences did not improve the diagnostic 
accuracy of this imaging method, and CBCT was superior in identifying AR; and 
3) The working length set at the level of the apical foramen allowed greater 
sealing of the main canal, however both working lengths presented a sub-optimal 
filling of ramifications. 
Keywords: Dental Pulp Cavity. X-Ray Microtomography. Cone-beam Computed 
Tomography. Nanostructures. 
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INTRODUÇÃO 
O conhecimento das complexidades anatômicas dos canais radiculares 
está associado ao sucesso da terapia endodôntica devido à sua influência no 
diagnóstico, planejamento e conduta clínica (Tang et al., 2011; Ahmed e 
Hashem, 2016). Irregularidades anatômicas podem ser observadas em todo o 
comprimento da raiz, porém, no terço apical há uma maior prevalência de 
ramificações do canal principal (De Deus, 1975). Durante uma contaminação 
bacteriana, essas ramificações representam um fator de risco ao tratamento 
endodôntico, uma vez que conectam o canal principal ao ligamento periodontal, 
facilitando o desenvolvimento da periodontite apical (Nair et al., 2005; Ricucci e 
Siqueira, 2010). 
Considerando o impacto da anatomia radicular na terapia endodôntica, 
diversas pesquisas sobre o tema foram realizadas; alguns exemplos dos 
métodos utilizados incluem os exames histológicos, a diafanização, a 
microscopia eletrônica de varredura, radiografia periapical, tomografia 
computadorizada de feixe cônico (CBCT), microtomografia computadorizada 
(micro-CT) e mais recentemente, a nanotomografia computadorizada (nano-CT) 
(Vertucci, 1984; Pécora et al., 1992; Gao et al., 2009; Estrela et al., 2015; Huang 
et al., 2017). A micro-CT e a nano-CT são consideradas métodos confiáveis para 
avaliação da anatomia radicular e normalmente utilizadas como padrão de 
referência. No entanto, devido as altas doses de radiação seu uso é restrito à 
pesquisa (Zuolo et al. 2016; Sousa et al., 2017; Orhan et al., 2018). Os métodos 
de imagem disponíveis ao clínico até o momento incluem a radiografia periapical 
e a CBCT. 
A radiografia periapical se destaca por ser o método de imagem de rotina 
para avaliação do canal radicular, pois permite avaliação da coroa, raiz e 
estruturas adjacentes, além do baixo custo, fácil acesso e exposição a uma 
menor dose de radiação quando comparada a TCFC (Fan et al., 2008; Bernardes 
et al., 2009). No entanto, ela representa uma estrutura tridimensional em uma 
imagem bidimensional, o que estabelece um limite na interpretação radiográfica 
(Junqueira et al., 2013). Por esse motivo, a sua aquisição em diferentes 
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angulações é uma prática clínica comum durante o tratamento endodôntico 
(Fava e Dummer, 1997; Domark et al., 2013). Por outro lado, a TCFC permite a 
avaliação de imagens tridimensionais evitando a sobreposição de estruturas 
anatômicas (Scarfe et al., 2006), sendo indicada para casos mais complexos, 
como canais calcificados, fraturas, cirurgia endodôntica e retratamentos (Kruse 
et al., 2017; Lo Giudice et al., 2018; Wanderley et al., 2018). As informações 
obtidas através dos métodos de imagens são guias para endodontistas e clínicos 
realizarem um tratamento endodôntico de forma mais previsível. 
O principal objetivo do tratamento endodôntico é um preparo químico- 
mecânico completo do canal radicular e seu total preenchimento pelo material 
obturador (Vertucci, 2005). Muitos clínicos e pesquisadores reconhecem a 
importância da limpeza e modelagem do canal radicular, no entanto, não há um 
consenso sobre a extensão ideal do limite apical (Ricucci, 1998; Souza, 2006; 
Fornari et al., 2010). Alguns concordam que todo o comprimento do canal 
radicular deve ser instrumentado para uma cicatrização mais favorável dos 
tecidos periapicais (Souza Filho et al., 1987, Bergenholtz e Spångberg, 2004; 
Holland et al. 2005; Bucchi et al., 2017); enquanto outros acreditam que a 
extensão da instrumentação deve ser limitada à constrição apical (0,5-2 mm 
aquém do ápice radiográfico) (Sjogren et al. 1990; Ricucci et al. 2011; Paleker e 
Van der Vyver, 2017). No entanto, nos casos de necrose pulpar, a porção apical 
não instrumentada representa uma via para bactérias e seus subprodutos 
atingirem o ligamento periodontal (Nair et al., 1990; Ricucci e Siqueira, 2010; 
Brandão et al., 2019). 
Compreender as complexidades anatômicas do canal radicular e 
direcionar o tratamento endodôntico de forma a superá-las é essencial para o 
sucesso do tratamento. Assim, os objetivos no presente estudo foram: 1) Avaliar 
a prevalência de ramificações apicais do sistema de canais radiculares; 2) 
Comparar três métodos de imagem na detecção das ramificações apicais; e 3) 
Avaliar o selamento apical do sistema de canais radiculares utilizando dois 
comprimentos de trabalho. 
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2 ARTIGOS 
 
2.1 Assessment of root canal system apical region. Part 1: Ramifications in 
the apical region of root canals: a Micro-CT study in a Brazilian population 
Esse artigo foi submetido à apreciação, visando a publicação, ao 
periódico Brazilian Dental Journal (Anexo 3), considerado Qualis A2 pela 
CAPES. A estruturação do artigo baseou-se nas “Instruções aos autores” 
preconizadas pela editora do periódico. 
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ABSTRACT 
The present study used microcomputed tomographic (micro-CT) imaging to 
assess the apical ramifications of anterior and posterior teeth from a Brazilian 
population. In this ex vivo study, 367 extracted human teeth (totaling 475 roots) 
were scanned in a micro-CT device using 19.6 µm resolution. The images were 
analyzed by two observers and a descriptive analysis was performed to verify the 
prevalence and number of apical ramifications in each dental group. Kruskal- 
Wallis test was used to compare the prevalence of AR in different roots types and 
Analysis of variance (ANOVA) one-way compared the number of AR in the apical 
1 mm, 2 mm and 3 mm. Significance level was established at 5% (α = 0.05). 
Apical ramifications were present in 253 (53.3%) of the 475 roots evaluated, with 
higher percentage in the single-rooted maxillary premolars (83.3%), whereas the 
lower percentage were identified in maxillary incisors (17.2%). A total of 607 AR 
were detected and most of them were located in one and two apical millimeters 
from the main foramen (530 AR). For the Brazilian population, most AR are 
located in the apical 1 and 2 mm, with higher prevalence in posterior teeth and 
maxillary canines. This findings suggest additional attention while planning an 
endodontic treatment, which should include strategies to effectively clean and 
disinfect the apical region. 
keywords: endodontics, dental pulp cavity, x-ray microtomography, tooth apex. 
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INTRODUCTION 
 
Knowledge and understanding of root canal anatomical complexities are 
highly associated with a successful endodontic therapy because of their influence 
on diagnosis, planning and clinical conduct (1,2). Anatomical irregularities may 
be seen along all root length, however, the apical third is more likely to have 
several ramifications of the main canal. Previous studies using different 
methodologies found that overall the prevalence of apical ramification (AR) 
ranged from 17.1% to 75% (3-5). 
In the presence of bacterial contamination AR represent a risk factor for 
the long-term prognosis of endodontic therapy. AR connect the main canal to the 
periodontal ligament, and because they are unlikely to be cleaned with root canal 
instruments and irrigants, biofilms may grow and cause periapical diseases (5,6). 
Hence, the great prevalence of irregularities in the apical region of teeth have to 
be kept in mind during endodontic therapy to prevent an inflammatory process. 
Considering the impact of root canal anatomy in endodontic therapy, many 
researches on this topic have been performed, including different methods such 
as histological examination, clearing technique, scanning electron microscopy, 
cone beam computed tomography and microcomputed tomography (micro-CT) 
(4,7,8). Micro-CT has been widely used for the analysis of the root canal system 
because of its nondestructive nature and high spatial resolution, which allows the 
evaluation of subtle aspects of root canals’ anatomy (9,10). 
In-depth knowledge of root canals anatomy and their possible variations is 
essential for endodontists to plan and accomplish a successful endodontic 
treatment (2). Hence, the aim of this study was to assess the apical ramifications 
from a Brazilian population’s teeth, using micro-CT images. 
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MATERIAL AND METHODS 
 
The present study was designed according to the University Ethics 
Committee and was performed after approval (CAAE 67465617.8.0000.5418). 
Data collection 
 
The study sample was composed by 367 extracted human teeth, including 
42 mandibular incisors, 58 maxillary incisors, 47 mandibular canines, 35 maxillary 
canines, 53 mandibular premolars, 69 maxillary premolars, 33 mandibular molars 
and 30 maxillary molars. Along with tri- and bi-rooted molars, some superior 
premolars had two roots, totaling 475 dental roots in the final sample. Exclusion 
criteria consisted of teeth with open apex, root canal dilaceration, pulp 
calcifications, root fractures or cracks, root resorptive lesions, and root canal 
treatment; conditions diagnosed through clinical and radiographic examination. 
Patient’s age and sex were unknown, and the cause of extraction was unrelated 
to this study. 
All teeth were disinfected with 2% chlorhexidine solution for 30 minutes, 
rinsed thoroughly with distilled water and then calculus and remaining soft tissues 
were removed by ultrasonic scaling. The samples was kept hydrated in distilled 
water at room temperature for 1 month before scanning. Micro-CT images were 
obtained using the device SkyScan 1174 (Bruker, Kontich, Belgium) operating at 
50 kV and 800 µA, with a 0.5 mm aluminum filter, 360o rotation, 0.5o of rotation 
step, and isotropic voxel size of 19.6 µm. 
Image assessment 
 
Micro-CT images were reconstructed and analyzed using NRecon 
(Bruker) and DataViewer (Bruker) software, respectively. Images were evaluated 
in consensus by an oral radiologist and an endodontist to assess the prevalence 
and number of ramifications in the apical 3 mm. In order to standardize the 
sample, the apical limit of each dental root was established at the level of the 
main foramen. The examiners were instructed to consider absence of ramification 
when they were obstructed and terminated halfway before reaching the external 
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surface of the root; if the ramification reached the external surface of the root, the 
examiners should consider it as present. (Figure 1). The images were evaluated 
in a 24.1-in. LCD monitor (MDRC-2124, Barco N.V., Courtray, Belgium) with 1920 
x 1200 pixels resolution, in a silent and dimmed-light room. The examiners could 
manipulate image brightness, contrast and zoom as they pleased. All data was 
recorded in a Microsoft Office Excel (Microsoft, Redmond, Washington, USA) 
spreadsheet and submitted to statistical analysis. 
 
 
Figure 1. Micro-CT coronal reconstructions with presence (a) 
and absence (b) of ramifications in the apical portion of the root. 
 
Statistical analysis 
 
Descriptive Analysis was performed to verify the prevalence and number of 
AR in each dental group. Kruskal-Wallis test was used to compare the prevalence 
of AR in different roots types and analysis of variance (ANOVA) one-way 
compared the number of AR in the apical 1 mm, 2 mm and 3 mm. Significance 
level was established at 5% (α = 0.05). After one month, 20% of the sample was 
re-evaluated to test the reproducibility of the examiners by using the intraclass 
correlation coefficient test (ICC). 
 
 
RESULTS 
 
AR were present in 253 (53.3%) of the 475 roots evaluated. The highest 
percentage of AR was observed in the single-rooted maxillary premolars (83.3%), 
however no significant statistical difference was observed among this group and 
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the maxillary canines, bi-rooted maxillary premolars, mandibular premolars, 
mandibular molars and mesiobuccal root of maxillary molars (p>0.05). The lowest 
percentage were identified in maxillary incisors (17.2%), although they did not 
differ statistically from mandibular incisors, mandibular canines and the palatine 
and distal root of maxillary molars (p>0.05) (table 1). 
 
 
 
Dental group Roots (n) 
Presence of AR
 Abscence of AR 
  (1-3 mm) (%) (1-3 mm) (%) 
Maxillary    
Incisor 58 10 (17.2%) 48 (82.8%) 
Canine 35 23 (65.7%) 12 (34.3%) 
Premolar    
Premolar single-rooted 54 45 (83.3%) 9 (16.7%) 
Premolar buccal root 15 12 (80%) 3 (20%) 
Premolar palatine root 15 11 (73.3%) 4 (26.7%) 
Molar    
Molar mesiobuccal root 30 23 (76.6%) 7 (23.4%) 
Molar distobuccal root 30 13 (43.3%) 17 (56.7%) 
Molar palatine root 30 13 (43.3%) 17 (56.7%) 
Mandibular    
Incisor 42 12 (28.5%) 30 (71.5%) 
Canine 47 16 (34%) 31 (66%) 
Premolar 53 34 (64.2%) 19 (35.8%) 
Molar    
Molar mesial root 33 22 (66.6%) 11 (33.4%) 
Molar distal root 33 19 (57.5%) 14 (42.5%) 
Total 475 253 (53.3%) 222 (46.7%) 
Table 1. Presence and absence of ramifications in the apical 3 mm of the evaluated 
teeth. 
AR=apical ramifications 
 
 
 
Of the 253 roots with AR, 109 roots had only 1 AR; 64 roots had 2 AR; and 
80 roots had 3 or more AR. The number of AR varied from 1 to 17 for each dental 
root. As shown in table 2, a total of 607 AR were detected, most of them located 
in one and two apical millimeters from the main foramen (530 AR). The number 
of AR were significantly higher (p<0.05) in 1 mm and 2 mm in comparison to 3 
mm, and did not differ significantly (p>0.05) between 1 mm and 2 mm. On the re- 
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evaluation, the observer’s outcome showed an excellent reproducibility with ICC 
= 0.97. Figure 2 shows micro-CT segmented images of AR in each dental group. 
 
 
 
Table 2. Distribution of apical ramifications in each dental group at 1 mm, 2 mm and 3 mm from the main 
foramen. 
 
Dental group 
Roots with
 
Number of Number of Number of 
Total of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Different letters on the number of AR in each millimeter indicate significant statistical difference. AR = apical ramifications. 
AR (1-3 mm) 
AR in 1 mm
 AR in 2 mm AR in 3 mm 
AR (%)
 
  (%) a* (%) a* (%) b*  
Maxillary      
Incisor 10 14 (48.2%) 9 (31%) 6 (20.8%) 29 (100%) 
Canine 23 27 (42.2%) 27 (42.2%) 10 (15.6%) 64 (100%) 
Premolar 
Premolar single-rooted 
 
45 
 
62 (46.3%) 
 
53 (39.5%) 
 
19 (14.2%) 
 
134(100%) 
Premolar buccal root 12 15 (51.7%) 10 (34.5%) 4 (13.8%) 29 (100%) 
Premolar palatine root 11 11 (42.3%) 14 (53.8%) 1 (3.9%) 26 (100%) 
Molar      
Molar mesiobuccal root 23 32 (49.2%) 23 (35.4%) 10 (15.4%) 65 (100%) 
Molar distobuccal root 13 17 (77.3%) 3 (13.6%) 2 (9.1%) 22 (100%) 
Molar palatine root 13 12 (46.1%) 6 (23.1%) 8 (30.8%) 26 (100%) 
Mandibular      
Incisor 12 10 (50%) 8 (40%) 2 (10%) 20 (100%) 
Canine 16 20 (54%) 13 (35.2%) 4 (10.8%) 37 (100%) 
Premolar 34 53 (67.1%) 23 (29.1%) 3 (3.8%) 79 (100%) 
Molar      
Molar mesial root 22 19 (43.2%) 20 (45.4%) 5 (11.4%) 44 (100%) 
Molar distal root 19 17 (53.1%) 12 (37.5%) 3 (9.4%) 32 (100%) 
Total 253 309 (50.9%) 221 (36.4%) 77 (12.7%) 607 
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Figure 2. Three dimensional images of root canal ramifications (1-3 mm). (a) Maxillary incisor 
apex, (b) Maxillary canine apex, (c) Maxillary premolar apex, (d) Maxillary molar apex, (e) 
Mandibular incisor apex (f) Mandibular canine apex (g) Mandibular premolar apex (h) Mandibular 
molar apex. 
 
 
DISCUSSION 
 
In the present study, 475 dental roots from a Brazilian population were 
used to investigate the prevalence and number of AR using micro-CT images. 
The prevalence of AR was 53.3% and a total of 607 AR were detected; those AR 
were considered as any branch from the main canal terminating at the root 
surface, including accessory, secondary and apical delta. 
In clinical practice, some endodontists stablish the working length of 
endodontic procedures at the level of the main foramen, defending that residual 
pulp tissue can become infected and potentially develop periradicular diseases 
(11,12). Through histopathologic examination of resected tissues from roots with 
persistent periapical periodontitis, extensive bacterial biofilms and inflammatory 
tissues were observed inside ramifications (13). These ramifications are unlikely 
to be thoroughly debrided by conventional instrumentation techniques and 
irrigants (14), and effective methods for cleaning and disinfecting AR are still 
necessary and require further investigation. Yet, endodontic procedures with the 
working length until the apical constriction (0.5 to 2 mm short of radiographic root 
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apex) (15,16) naturally leaves untouched the apical region of the main canal, 
consequently, no effective delivery of antibacterial solutions reach the AR space. 
According to previous studies, AR are predominantly located in the apical region 
in all dental groups (3,4), and we observed that most AR are located 1 mm and 
2 mm apical from the main foramen. Therefore, in the case of pulp necrosis, 
would be reasonable to shape and clean the root canal space in all its extension 
combined with new irrigation strategies to achieve the best effects regarding AR 
disinfection. 
The prevalence of root canal ramifications may vary according to the 
dental group, root length, populations, and method of analysis (17). Micro-CT has 
gained increasing significance in the study of root canal anatomy because of its 
great image quality and nondestructive nature (10). The study of complex 
structures using CBCT and clearing technique has shown poor results compared 
to micro-CT, which overcomes several limitations of these methods and is 
superior in identifying fine anatomical details (18,19). The ICC excellent results 
(0.97) in this study reinforces the quality and reliability of this method. Despite its 
advantages, micro-CT cannot be reproduced in an in vivo scenario and, 
therefore, is not feasible for clinical practice. However, for better insight into the 
complexity of root canal anatomy, micro-CT is the image method of choice to 
assess apical ramifications. 
Using a clearing technique, De Deus (3) reported a prevalence of 17.1% 
AR within all dental groups, varying from 0.5% for mandibular canines to 25.6% 
for maxillary molars. The micro-CT high-resolution images can explain the 
significantly higher prevalence of AR in the present study, in which 53.3% of roots 
had AR, ranging from 17.2% for maxillary incisors to 90.9% for mandibular 
molars. Adorno et al. (20) combined clearing technique and digital microscopy to 
evaluate the prevalence of AR in maxillary anterior teeth from a Japanese 
population. Incisors and canines had a prevalence of 30.7% and 29%, 
respectively. These results are also not consistent to our study, in which the 
prevalence of AR in maxillary incisor and canines were 17.2% and 65.7%, 
respectively. Some methodological differences may have contributed to the 
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contrasting results between studies, such as different populations samples and 
method of analysis. 
Morfis et al. (21) evaluated the apical region of 213 teeth from a Greek 
population using scanning electron microscopy. AR were observed in all dental 
groups, with higher prevalence in mandibular premolars (84,9%) and maxillary 
premolars (75,2%). These results are consistent with the present study and Xu 
et al. (4), who evaluated teeth from a Chinese population using micro-CT. They 
identified AR in 63.5% and 71.5% mandibular and maxillary premolars, 
respectively, while we observed in 62.2% mandibular premolars and 83.3% 
single-rooted maxillary premolars. The slightly different results among studies 
may be attributed to ethnical differences, and possibly to different methods 
employed for the analysis of root canals. 
Because AR are difficult to clean and fill, they are commonly associated 
with persistent intracanal infection and treatment failure (22,23). In this study, 
several AR were evaluated through micro-CT images to acknowledge these 
anatomical complexities and aid endodontists and general dental practitioners on 
planning and performing procedures with greater predictability of success. For 
the Brazilian population, most AR are located in the apical 1 and 2 mm, with 
higher prevalence in posterior teeth and maxillary canine. Further studies are 
necessary to better understand the true role of apical ramifications in endodontic 
therapy and develop strategies to effectively clean and disinfect the apical region. 
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2.2 Assessment of root canal system apical region. Part 2: Diagnostic 
accuracy of periapical radiography and Cone beam Computed Tomography 
in the detection of apical ramifications 
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ABSTRACT 
Aim: A successful endodontic therapy depends on knowledge of root canal 
anatomy, to which imaging methods can guide endodontists and clinicians. 
Therefore, the aim in this study was to compare three imaging methods - 
periapical radiography in 1-incidence (PR1), periapical radiography in 2- 
incidences (PR2) and cone-beam computed tomography (CBCT) - in the 
detection of apical ramifications (AR) in the root canals of different dental groups, 
using microcomputed tomography (micro-CT) as reference standard. 
Methodology: In this ex vivo study, 20 teeth from each dental group were select 
for evaluation, totaling 160 teeth. Half of the sample (n=80) had AR. Two 
periapical radiographs (orthoradial and distoradial incidences) of each tooth were 
obtained using the GE 1000® device; the OP300 Maxio CBCT unit was used for 
acquiring the tomographic images; and micro-CT was used as reference 
standard. Three specialists evaluated all periapical and CBCT images regarding 
the presence of AR, using a 5-point scale. The weighted kappa test was applied 
to assess intra- and interobserver agreements. Sensitivity, specificity and the 
area under receiver operating characteristic curve (Az) were also calculated. 
Results: The diagnostic tests and Az values for the detection of AR were 
significantly greater for CBCT when compared to the radiographic methods (PR1 
and PR2) (p<0.05), whereas between PR1 and PR2 there were no significant 
difference (p>0.05). The diagnostic tests and Az values did not differ significantly 
among the dental groups, regardless of the imaging method used (p>0.05). 
Conclusions: Both imaging methods underestimated the presence of AR in all 
dental groups when compared to micro-CT; however, CBCT shows higher 
accuracy in detecting ramifications even when two incidences of periapical 
radiography are acquired. 
Keywords: Dental Pulp Cavity. X-Ray Microtomography. Cone-beam Computed 
Tomography 
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INTRODUCTION 
Root canal ramifications are anatomical complexities that connect the 
main canal to the periradicular tissues, representing inaccessible areas to 
endodontic instruments. For this reason, the treatment can be compromised if 
bacteria hosted inside these areas perpetuate an inflammatory process (Peters 
2004, Nair et al. 2005, De Paz 2007, Adorno et al. 2010, Ricucci et al. 2013, Acar 
et al. 2015). Therefore, prior evaluation of root canal anatomy is essential to 
determine a proper planning and clinical conduct (Vertucci 2005). 
Previous studies that evaluated the root canal anatomy used various 
methods, including histological sectioning, clearing techniques and radiological 
examination (De Deus 1975, Estrela et al. 2015). In endodontics, microcomputed 
tomography (micro-CT) has frequently been used as reference standard due to 
a high spatial resolution, which allows the evaluation of teeth’s fine anatomical 
details without destruction of the sample; however, this imaging method can only 
be used for research purposes because of high radiation dose (Grande et al. 
2012, Sousa et al. 2017, Zuolo et al. 2016, Zhang et al. 2017, Kales & Keskin 
2018). To date, resources available for clinical use consist of periapical 
radiography and cone-beam computed tomography (CBCT). 
Periapical radiography is the routine imaging method to assess root canal 
anatomy, and its use is justified by its advantages such as simplicity of execution, 
low radiation dose to the patient, wide accessibility and low cost when compared 
to CBCT (Fan et al. 2008). However, this method provides two-dimensional 
images of three-dimensional tissues, setting a limit on radiographic interpretation 
(Junqueira et al. 2013). For this reason, the acquisition of periapical radiographs 
in different angles is a common practice during endodontic therapy (Fava & 
Dummer 1997, Domark et al. 2013). On the other hand, CBCT allows clinicians 
to obtain sections from multiple planes, thereby creating three-dimensional 
images of teeth, avoiding the superimposition of anatomical structures (Scarfe et 
al. 2006, Patel et al. 2019). Moreover, the possibility of using small field of view 
(FOV) and voxel size allows better assessment of root canals’ fine details 
(Wenzel et al. 2009). 
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An early detection of apical ramifications (AR) may influence the use of 
strategies to optimize the delivery of irrigation solutions to this mechanically 
inaccessible areas; examples include sonic and ultrasonic irrigation and novel 
irrigation methods, such as GentleWave. (Nagendrababu et al. 2018, Chan et al. 
2019, Sasanakul et al. 2019). Hence, the aim in this study was to compare three 
radiographic methods - periapical radiography in 1-incidence (PR1), periapical 
radiography in 2-incidences (PR2) and CBCT - in the detection of AR from 
different dental groups, using micro-CT as reference standard. 
MATERIAL AND METHODS 
The present study was designed according to the University Ethics 
Committee and was performed after approval (CAAE 67465617.8.0000.5418). 
Data collection 
The initial study sample was composed of 300 extracted human teeth, 
which were disinfected with 2% chlorhexidine solution for 30 minutes, rinsed 
thoroughly with distilled water and then had calculus removed by ultrasonic 
scaling. Patient’s age and sex was unknown, and the cause of teeth extraction 
was unrelated to this study. After clinical inspection, each tooth was scanned by 
micro-CT (SkyScan 1174; Bruker, Kontich, Belgium) with 50 kV, 5300-ms 
exposure, 0.5 o of rotation step, 360º degree of rotation, voxel size of 19.6 µm 
and a 0.5mm Al filter. Images were evaluated and the following exclusion criteria 
were considered: teeth with root canal dilaceration, calcification, open apex, root 
fractures, cracks, resorptive lesions, or teeth with root canal treatment. After 
clinical and micro-CT assessments, 160 teeth were selected and stablished as 
the reference standard for this study. Half of the sample had AR (n=80). Table 1 
shows the sample distribution among different dental groups. 
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Table 1. Presence and absence of ramifications in the apical region of 
 the evaluated teeth.  
 
Dental group Presence of AR Absence of AR 
Superior 
Incisor 
 
10 
 
10 
Canine 10 10 
Premolar (single-rooted) 10 10 
Molar (palatal root) 
Inferior 
10 10 
Incisor 10 10 
Canine 10 10 
Premolar 10 10 
Molar (distal root) 10 10 
Total 80 80 
AR = apical ramifications 
 
Imaging acquisition 
Periapical radiography was obtained using a GE 1000® device (General 
Electric Company, Milwaukee, WI, USA) operating at 70 kVp e 7 mA, 0.10 
seconds exposure time, and phosphor storage plates size 2 (25-line pairs/mm) 
(VistaScan, Dürr Dental, Beitigheim-Bissigen, Germany). Each tooth was 
individually placed in a dental socket of a dry human mandible and the distance 
from the focal spot to the image receptor was set at 40 cm. The sockets were 
carefully enlarged with a cylindrical bur to passively fit all the roots. An acrylic 
device especially developed for the parallelism technique was used to simulate 
the soft tissues (Nejaim et al. 2016). Two images with different incidences of the 
X-ray beam were obtained for each tooth: 1 – Orthoradial, with a perpendicular 
incidence of the X-ray beam (0º), and 2 – Distoradial, with a horizontal angle of 
25º. 
CBCT images were obtained with a OP300 Maxio CBCT unit (KaVo Kerr, 
Brea, CA, USA) operating at 90 kVp, 6.3 mA, 0.08 mm voxel size and 50 mm x 
50 mm FOV. The tomographic images were obtained with the teeth individually 
placed in the mandible’s sockets. Soft tissues were simulated using a 3-mm-thick 
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layer of utility wax (Epoxiglass, Sao Paulo, Brazil) covering the lingual and buccal 
cortical plates of the mandible (Melo et al. 2010). 
Imaging evaluation 
Three specialists (two oral radiologists and one endodontist), who did not 
participate in the micro-CT analysis, independently evaluated the apical 3 mm of 
roots in each periapical and CBCT images using a 17-in. LCD monitor (MDRC- 
2124, Barco N.V., Courtray, Belgium) with 1024x768 pixels resolution. The 
observers were allowed to manipulate image brightness, contrast and zoom as 
they pleased; the CBCT images should also be analyzed in the axial, coronal,  
and sagittal reconstructions. The imaging modalities were evaluated in different 
moments. 
For visualization of periapical images, they were imported to MicrosoftOffice 
PowerPoint (Microsoft Corp., Redmond, WA, USA), which had the automatic 
compress function disabled, and saved with a black background. The orthoradial 
imagens (PR1) were analyzed separately and after 15 days they were associated 
to the corresponding distoradial image (PR2). On demand 3D software 
(Cybermed Inc., Tustin, Califórnia, EUA) was used for CBCT images evaluation. 
Figure 1 shows the imaging methods used in this study. 
 
Figure 1. Imaging methods: (a) periapical radiography – orthoradial; (b) periapical radiography – 
distoradial; (c) cone-beam computed tomography; (d) micro-computed tomography. 
 
 
A 5-point scale was used to analyze the periapical radiography and CBCT 
images regarding the presence or absence of AR, being 1-definitely absent; 2- 
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probably absent; 3-uncertainty; 4-probably present; and 5-definitely present. One 
month after completion of the evaluation 25% of the sample was reassessed. All 
data was recorded in a Microsoft Office Excel (Microsoft) spreadsheet. 
 
 
Statistical analysis 
Statistical analysis was performed using SPSS Statistics 22 (IBM Corporation, 
Armonk, NY). Weighted kappa test assessed the intra- and interobserver 
agreements, considering the following level of agreement: 0.00–0.20, poor; 0.21– 
0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good; and 0.81–1.00, very good 
(Landis e Koch, 1977). Sensitivity, specificity, and area under the receiver 
operating characteristic curve (Az) were also calculated. 
Analysis of variance (ANOVA) two-way with the post hoc Tukey test was used 
to compare the sensitivity, specificity and Az for the imaging methods in each 
dental group. The null hypothesis implied no difference among the imaging 
methods, regarding the detection of AR. Significance level was established at 
5% (α = 0.05). 
RESULTS 
 
As shown in table 2, the intraobserver agreement for PR1 was moderate; for 
PR2, it ranged from moderate to good; and for CBCT, it demonstrated to be good. 
The interobserver agreement for PR1 and PR2 ranged from fair to moderate; for 
CBCT, it ranged from moderate to good. 
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2 - 0 
2 - 0 
2 - 0 
0 - 0 
9 - 0 
43 - 0 
 
 
 
 
Table 2. Mean Kappa values (min – max) for intra- and interobserver agreements according to the 
dental group in each imaging method. 
 
Dental group 
Imaging method 
 
Periapical 1-incidence Periapical 2-incidences CBCT 
Intraobserver Interobserver Intraobserver Interobserver Intraobserver Interobserver 
Inferior incisor 
0.60 0.43 
(0.5 .67) 
0.67 0.48 0.82 0.61 
 
Superior incisor 
0.47 0.37 
(0.4 .52) 
0.51 0.32 
 
0.73 
 
0.52 
 
Inferior canine 
0.54 0.28 
(0.5 .55) 
0.52 0.35 0.72 0.60 
 
Superior canine 
0.45 0.25 
(0.4 .55) 
0.52 0.31 0.75 0.64 
Inferior premolar 
0.59 0.30 
(0.4 .67) 
0.46 
 
0.32 
 
0.76 
 
0.68 
 
Superior premolar 
0.49 0.22 
(0. .61) 
0.57 
 
0.30 
 
0.88 
 
0.66 
 
Inferior molar 0.45 0.27 (0. .50) 0.58 0.25 0.78 0.47 
40 - 0 
Superior molar 
0.52
 
(0.23 - 0.35) 
0.33 
(0.42 - 0.69) 
0.70 
(0.26 - 0.33) 
0.22 
(0.75 - 0.78) 
0.72 
(0.40 - 0.53) 
0.67 
  (0.42 - 0.69) (0.30 - 0.38) (0.63 - 0.77) (0.19 - 0.26) (0.68 - 0.81) (0.64 - 0.69)  
Table 3 summarizes the sensitivity, specificity and Az values for the detection 
of AR in the different imaging methods for each dental group. The sensitivity, 
specificity and Az values for the detection of AR were significantly greater for 
CBCT when compared to the radiographic methods (PR1 and PR2) (p<0.05); 
However, between PR1 and PR2 there was no significant difference (p>0.05). 
The sensitivity, specificity and Az values for AR detection did not differ 
significantly among the dental groups, regardless of the imaging method used 
(p>0.05). 
(0.62 - 0.71) (0.84 - 0.92) (0.26 - 0.36) (0.53 - 0.60) 
(0.59 - 0.75) (0.71 - 0.90) (0.29 - 0.34) (0.42 - 0.51) 
(0.55 - 0.63) 
(0.45 - 0.56) (0.63 - 0.83) (0.31 - 0.41) 
(0.52 - 0.71) (0.39 - 0.48) (0.59 - 0.78) (0.39 - 0.62) (0.77 - 0.85) 
(0.23 - 0.51) (0.48 - 0.55) 
(0.21 - 0.35) (0.40 - 0.61) (0.28 - 0.33) (0.57 - 0.82) 
(0.19 - 0.31) (0.42 – 0.51) (0.28 - 0.33) (0.71 - 0.81) (0.59 - 0.73) 
(0.21 - 0.37) 
(0.17 - 0.29) 
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Table 3. Sensitivity, Specificity and Area under the Receiver Operating Characteristic 
curve (Az) for each dental group, using different imaging methods in the detection of 
apical ramification. 
Dental group Imaging method 
Sensitivity
 
(%) 
Specificity 
(%) 
Inferior incisor 1-incidence 36.7 Aa 53.3 Aa 0.46 Aa 
 2-incidences 43.3 Aa 57.8 Aa 0.53 Aa 
 CBCT 60.0 Ab 60.0 Ab 0.60 Ab 
Superior incisor 1-incidence 43.3 Aa 76.7 Aa 0.68 Aa 
 2-incidences 46.7 Aa 76.7 Aa 0.62 Aa 
 CBCT 66.7 Ab 70.0 Ab 0.71 Ab 
Inferior canine 1-incidence 43.3 Aa 56.7 Aa 0.50 Aa 
 2-incidences 50.0 Aa 46.7 Aa 0.49 Aa 
 CBCT 66.7 Ab 80.0 Ab 0.76 Ab 
Superior canine 1-incidence 16.7 Aa 70.0 Aa 0.47 Aa 
 2-incidences 26.7 Aa 53.3 Aa 0.38 Aa 
 CBCT 83.3 Ab 70.0 Ab 0.78 Ab 
Inferior premolar 1-incidence 50.0 Aa 50.0 Aa 0.54 Aa 
 2-incidences 63.3 Aa 33.3 Aa 0.48 Aa 
 CBCT 90.0 Ab 56.7 Ab 0.77 Ab 
Superior premolar 1-incidence 43.3 Aa 73.3 Aa 0.58 Aa 
 2-incidences 53.3 Aa 53.3 Aa 0.53 Aa 
 CBCT 76.7 Ab 53.3 Ab 0.69 Ab 
Inferior molar 1-incidence 33.3 Aa 43.3 Aa 0.35 Aa 
 2-incidences 46.7 Aa 46.7 Aa 0.45 Aa 
 CBCT 46.7 Ab 66.7 Ab 0.55 Ab 
Superior molar 1-incidence 40.0 Aa 53.3 Aa 0.42 Aa 
 2-incidences 43.3 Aa 40.0 Aa 0.37 Aa 
 CBCT 80.0 Ab 83.3 Ab 0.88 Ab 
Different letters (uppercase among teeth and lowercase among imaging method) indicate 
significant difference (p<0.05). 
 
 
DISCUSSION 
Preoperative identification of root canal complexities is essential for planning 
a treatment with higher predictability of success (Ahmed & Hashem 2016; Tang 
et al. 2011). In this sense, periapical radiography and CBCT stands out for 
providing information on root canal anatomy. 
The present study compared three imaging methods - PR1, PR2 and CBCT - 
in the detection of AR in all dental groups. AR were defined as all 
radiolucent/hypodense images that from the main canal reached the external 
Az 
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surface of the root in the apical region. Moreover, periapical radiography and 
CBCT were the imaging methods of choice for this assessment as they are the 
only resources available for clinical evaluation of teeth and surrounding tissues. 
Even though several studies have evaluated root canals morphology using 
different methods (Matherne 2008, Baratto Filho et al. 2009, Gao et al. 2009, Kato 
& Ohno 2009, Estrela et al. 2015), to the best of our knowledge, no study has 
assessed the influence of periapical radiography (PR1 e PR2) and CBCT in 
detecting AR in each dental group. Additionally, to support our findings, micro-CT 
was used as the reference image to evaluate the AR. The clearing technique has 
been commonly used as reference standard because it is simple to perform and 
provides a three-dimensional view of the root canal anatomy. However, it was 
recently concluded that micro-CT provides more detailed information on fine 
anatomical structures than the clearing technique (Lee et al. 2014, Acar et al. 
2015, Kim et al. 2015, Ordinola-Zapata et al. 2016), justifying its use in this study. 
The diagnostic tests result in our study showed that CBCT performed better 
than periapical radiography even when PR2 was performed. In general, the lower 
values of sensitivity and specificity for PR1 and PR2 may be explained by the 
observers difficulty in visualizing either the presence or absence of AR, possibly 
because of their small volume in the apical region (Ricucci & Siqueira 2010). In 
clinical practice, periapical radiography is the conventional imaging exam for the 
evaluation of teeth and adjacent structures; however, its two-dimensional nature 
makes difficult the visualization of fine anatomical details such as root canal 
ramifications (Fan et al. 2008, Bernardes et al. 2009). According to the ALADA 
principle (National Council on Radiation Protection & Measurements, 2014) every 
effort should be made to reduce the effective radiation dose to the patient, and 
because there is no difference between PR1 and PR2 for the assessment of AR 
we recommend the acquisition of only one radiographic incidence. 
For the assessment and treatment of complex endodontic conditions, CBCT 
can be a reliable alternative to periapical radiography (Patel et al. 2019). Previous 
studies comparing periapical radiography and CBCT in the evaluation of teeth’s 
morphology reported that CBCT is a better alternative to observe root canals’ 
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anatomy (Blattner et al. 2010, Baratto Filho et al. 2009, Neelakantan et al. 2010). 
These results are in accordance to our findings, in which CBCT performed better 
than periapical radiography in all tests; Interestingly, among the dental groups 
there was no statistical difference in the detection of AR, regardless of the 
imaging method used. The European Society of Endodontology recommend a 
small FOV in CBCT imaging for endodontics procedures because there is less 
radiation dose to the patient and higher resolution images, which improves the 
accuracy of detecting small features, including AR, root fractures and 
calcifications (Patel et al. 2019). Despite the better performance of CBCT, the 
results found were also differed from the reference standard (micro-CT), which 
suggests that this imaging method may also be insufficient for visualizing all the 
details of root canal. 
Regarding the intra- and interobserver agreement, our results were not 
unexpected, since CBCT showed better results than periapical radiography, with 
an agreement that ranged from moderate to good. As mentioned, CBCT provides 
a three-dimensional image without superimposition of structures (e.g. bone 
trabeculae and medullary spaces), therefore the observers agreement would 
naturally be higher. However, one issue that could be considered involving CBCT 
is the difficulty in detecting small structures in the presence of artifacts from high- 
density materials, such as gutta-percha and metal post (Neves et al., 2014; 
Wanderley et al., 2017). In this study, teeth with endodontic filling were not 
evaluated, because the aim was to evaluate the influence of the imaging method 
on the detection of AR in teeth of different dental groups and without any 
intervention. 
AR of all dental groups were evaluated through periapical radiography and 
CBCT images in an attempt to draw professionals’ attention to these anatomical 
complexities and for the use of imaging methods as guides to improve endodontic 
treatment. Endodontists and clinicians should realize that even though the apical 
ramifications may not always be seen radiographically, it is important to consider 
their presence while planning a treatment because of the potential impact on 
treatment outcome (Nair et al.2005, Ricucci & Siqueira 2010). 
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CONCLUSION 
 
In conclusion, periapical radiography and CBCT underestimate the presence 
of AR in all dental groups when compared to micro-CT; however, CBCT shows 
higher accuracy in detecting ramifications even when two incidences of periapical 
radiography are acquired. 
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ABSTRACT 
 
Introduction: Sealing of the root canal system is essential to avoid persistent 
bacterial contamination and a key factor for successful endodontic therapy. The 
purpose of this study is to assess apical root canal sealing after shaping at 
different working lengths, using nano-computed tomography (nano-CT). 
Methods: For this ex vivo study, 22 premolars with apical ramifications were 
selected and randomly divided into two groups: G1 had root canals shaped 1 mm 
short of the apical foramen and G2 had root canals shaped at the level of the 
apical foramen. After endodontic treatment, nano-CT images were acquired, and 
the sealing of root canal system was objectively evaluated at 4 mm and 1 mm of 
the apical foramen and its ramifications. The results were analyzed using 
Shapiro-Wilk, Mann-Whitney and Kruskal-Wallis tests at a significance level of 
5%. Results: G2 had a larger portion of the main canal filled, in both apical levels, 
4 mm and 1 mm (p<0.05), when compared to G1. Regarding the filling of apical 
ramifications, there was no significant difference between the groups (p>0.05). 
When analyzing the groups separately, the amount of filled spaces was lower for 
ramifications when compared to the main canal (p<0.05). Conclusions: Both 
working length strategies presented a suboptimal filling of the ramifications, even 
if the working length was set at the level of the apical foramen. The latter could 
however allow for a better sealing of the main canal. 
Keywords: Endodontics; root canal therapy; nanostructures; dental seal; 
endodontic obturation 
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INTRODUCTION 
 
The main purpose of root canal treatment is to prevent the development of 
bacterial infection (Vertucci 2005). This can be achieved by mechanically 
shaping, chemically cleaning and filling of root canal system. However, the high 
percentage of irregularities and ramifications in the apical region may represent 
a challenge for successful outcomes (Peters 2004, Adorno et al. 2010). Hence, it 
is important to emphasize the role of this region in endodontic therapy (Schilder 
1974, Tabassum & Khan, 2016). 
Many clinicians and researchers recognize the importance of cleaning and 
shaping the root canal space, however, there is no consensus on the ideal extent 
of the apical limit (Ricucci 1998, Souza 2006, Fornari et al. 2010), surely in case 
of ramifications. Some clinical researches agree that the entire root canal should 
be instrumented for more favorable healing of the periapical tissues (Souza Filho 
et al. 1987, Holland et al. 2005, Bucchi et al. 2017); while others believe that the 
apical extent of instrumentation should be limited at the apical constriction (0.5– 
2 mm short of radiographic root apex) (Sjogren et al. 1990, Ricucci et al. 2011, 
Paleker & Van der Vyver 2017). 
However, in cases of pulp necrosis, the apical uninstrumented region 
represents potential pathways in which bacteria and their by-products might 
reach the periodontal ligament and cause apical periodontitis (Ricucci & Siqueira 
2010, Brandão et al. 2019). Therefore, penetration of sealing material throughout 
the root canal system has great clinical relevance, as it can prevent bacterial 
growth (Schilder 2006). 
In endodontics, non-destructive three-dimensional methods with high 
spatial resolution have been used to study the filling of the root canal system, 
however, to the best of the authors’ knowledge, so far only two studies in dentistry 
have used nano-CT for this purpose (Huang et al. 2017, Orhan et al. 2018). Yet 
and until now, no nano-CT assessment of different working length strategies on 
filling up the apical main canal and ramifications with sealer was noted. Hence, 
45 
 
 
 
 
the aim of this study is to compare the sealing of root canal system in the apical 
region after shaping at different working lengths using nano-CT imaging. 
 
MATERIALS AND METHODS 
 
The present study was performed after approval by the University Ethics 
Committee (CAAE 67465617.8.0000.5418). 
 
Study sample 
The study sample was composed of 56 extracted human premolars. The 
teeth were disinfected in 2% glutaraldehyde solution for two hours then scaling 
was performed to remove dental calculus and remnants of soft tissue. The teeth 
were kept hydrated in distilled water at room temperature for 1 month before root 
canal preparation. Crowns were cut at the cementum-enamel junction level using 
a metallographic precision cutter (IsoMet 1000, Buehler, Lake Bluff, IL) and dia- 
mond disk. After the clinical inspection, they were scanned by micro-CT (SkyScan 
1174; Bruker, Kontich, Belgium) and the following exclusion criteria were 
considered: teeth with more than one main canal, teeth without root canal 
ramifications, endodontic treatment, root dilaceration, root resorption, root 
fracture, supernumerary roots, obliterated root canals, and pulp calcifications. 
The final sample consisted of 22 single-rooted premolars with apical ramifications 
for evaluation of the root canal system at 4 mm and 1 mm of the apical foramen 
(figure 1). 
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Figure 1. Representative imagine of a single-rooted premolar with the main canal (a) and its 
ramifications (b); 
 
 
 
Endodontic treatment of the sample 
The samples were randomly divided into two equal groups (n=11) 
according to the different working lengths: G1, had the root canals shaped 1 mm 
short of the apical foramen and the gutta-percha cone was limited at the apical 
stop (defined as 1 mm short of the apical foramen); G2, had the root canals 
shaped at the level of the apical foramen with the gutta-percha cone stopping 1 
mm short of the apical foramen by friction within the dentin walls. The working 
length was determined by inserting a size number 10 K-File (Maillefer, Ballaiges, 
Switzerland) into the root canal until the tip was just visible through the apical 
foramen. The apical foramen initial diameter of the sample varied from a file size 
10 to 25. Instrumentation was performed with endo-motor VDW silver (VDW 
GmbH, Munich, Germany) and Reciproc® series of instruments (VDW GmbH) 
using a crown-down technique; the finishing file was number 40/0.06. Throughout 
the instrumentation steps, the root canal was irrigated with 3mL of distilled water 
followed by chlorhexidine gel 2% (Biodinâmica, Ibiporãã, PR, Brazil). The smear 
layer was removed with 17% EDTA (Biodinâmica) for 1 minute, followed by a final 
rinse with 3mL of distilled water. Then, the root canal was dried up with paper 
points (VDW GmbH) and filled with Endomethasone (Septodont, St. Maur, 
France), prepared in accordance with the manufacturer’s instructions and by the 
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same endodontist. The single-cone technique was performed using a medium 
nonstandardized master gutta-percha point (Dentsply Maillefer, Ballaigues, 
Switzerland) calibrated to adapt at the established apical level. Prior to scanning 
the roots were stored at 37°C and in 100% humidity for 10 days to ensure that 
the sealer was set. 
 
Imaging acquisition 
Nano-CT images were obtained by using Phoenix NanoTom S (GE 
Sensing & Inspection Technologies GmbH, Wunstorf, Germany) operating at 70 
kV, 200 µA, voxel size of 3 µm, 360˚ of rotation, 500 ms exposure, 14 W of power, 
mode 0 for tube operation and with a 0.5 mm Al filter using the software Phoenix 
datos | x 3D version 2.6 (GE Sensing & Inspection Technologies GmbH). The 
Mean scanning time was around 20min per tooth. 
 
 
 
Image analysis 
 
Phoenix datos | x 3D version 2.6 software was used to reconstruct the 
nano-CT images. All the images were objectively evaluated by one operator 
specialist in radiology and endodontics, blinded for the different groups. 
For post-processing and image visualization the CTAn software v.1.18.8.0 
(Bruker) was used to verify all empty and filled spaces by the sealing materials 
in the apical region of the sample. The volume of interest (VOI) were defined to 
evaluate the main canal in two different levels and the ramifications separately, 
VOI 1: 4 mm of the main canal, VOI 2: 1mm of the main canal and VOI 3: root 
canal ramifications at 4 mm (figure 2). 
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Figure 2. Three-dimensional reconstructions showing root canal system’s apical region (red) with 
the volumes of interest highlighted in green: (a) VOI 1: 4 mm of the main canal; (b) VOI 2: 1 mm 
of the main canal and; (c) VOI 3: ramifications. 
 
Statistical analysis 
Statistical analysis was performed using SPSS software (Version 22; IBM 
Corp, Armonk, NY). Shapiro-Wilk test was used to verify the distribution of the 
sample and showed a non-normal distribution (p > 0.05). The Mann-Whitney test 
was applied to compared both working lengths with a significance level of 5% (α 
≤ 0.05). The amount of filling in the main canal in 4 mm, 1 mm and ramifications 
for each group was compared using the Kruskal-Wallis test (α ≤ 0.05). 
 
 
RESULTS 
 
As shown in table 1, in G2 (figure 3B) a greater volume of the main canal 
was filled, in both apical 4 mm and 1 mm (p<0.05), when compared to G1 (figure 
3A). Regarding the filling of apical ramifications, no statistical differences were 
observed between groups (p>0.05). When analyzing the groups separately, the 
amount of empty spaces filled by the sealer was lower for ramifications when 
compared to the main canal, in both apical 4 mm and 1 mm (p<0.05). 
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Table 1. Difference between the filling of root canal system for both working lengths in the main canal apical 
4 and 1 mm and ramifications. 
 
Work length Main 4 mm Main 1 mm Ramification 4 mm 
 
Total 
volume 
(µm³) 
Filled 
volume 
(µm³) 
Filled 
volume 
(%) 
Total 
volume 
(µm³) 
Filled 
volume 
(µm³) 
Filled 
volume 
(%) 
Total 
volume 
(µm³) 
Filled 
volume 
(µm³) 
Filled 
volume 
(%) 
Tooth 1 832.7 784.4 94 80.5 59.2 73 13.4 2.1 16 
Tooth 2 704.9 670.4 95 98.7 92.2 93 19.2 13.2 69 
Tooth 3 676.4 630.6 93 112.8 100.2 89 37.1 30.1 81 
Tooth 4 575.1 494.7 86 38.7 34.8 90 40.1 4.5 11 
Tooth 5 736.3 663.5 90 43.6 40.2 92 127.9 19.9 15 
Tooth 6 752.9 587.2 78 82.4 2 2 18.6 2 11 
Tooth 7 746.0 674.6 90 152.6 135.9 89 10.3 1.4 13 
Tooth 8 935.7 838.2 89 95.9 77.6 81 1.8 0.9 50 
Tooth 9 2522.1 2281.6 90 281.2 195.3 69 8.2 2.5 30 
Tooth 10 786.3 699.6 89 101.1 45.8 45 23.9 0 0 
Tooth 11 1299.2 1262.3 97 149.2 127.6 85 49.3 43.7 88 
Mean value 960.7 871.6 90 Ba 112.4 82.8 74 Ba 31.8 10.9 35 Ab 
Tooth 12 856.3 821.6 96 128.8 111.1 86 22.7 8.4 37 
Tooth 13 1588.7 1452.5 91 169.2 159 94 11.3 4.7 41 
Tooth 14 2018.6 1989.6 98 227 209.7 92 9.5 2.8 29 
Tooth 15 930.5 902.5 97 134.4 117.8 88 51 22.3 44 
Tooth 16 1023.4 930 91 166.8 151 91 0.9 0.1 11 
Tooth 17 970.2 938 97 180.2 159 88 6.5 1.2 18 
Tooth 18 1489.5 1462 98 222.1 221.5 99 5.2 3.1 59 
Tooth 19 789.4 770 97 123.8 108.1 87 23.8 0.8 3 
Tooth 20 1225.4 1174.9 96 210.7 197.1 93 15.8 0.4 2 
Tooth 21 1081 970.7 90 145.4 138.6 95 41 6.1 15 
Tooth 22 1096.8 1009.4 92 94.2 78.3 83 17.1 0.7 4 
Mean value 1188.2 1129.2 95 Aa 163.9 150.1 91 Aa 18.6 4.6 24 Ab 
AF = apical foramen. Mean values followed by distinct letters (uppercase vertical and lowercase horizontal) differ from 
each other (p<0.05). 
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Figure 3. Nano-CT sagittal reconstruction images of G1 - root canals 
shaped 1 mm short of the apical foramen (a) and G2 - root canals shaped 
at the level of the apical foramen (b). 
 
 
 
DISCUSSION 
 
The present study compared the filling of root canal system after 
endodontic treatment using different working lengths. G2 filled a greater volume  
of the main canal, with 95% and 91% of sealing in the apical 4 mm and 1 mm, 
respectively. This finding shows that instrumentation throughout the entire extent 
of root canals can enhance the ability of sealing materials to penetrate inside the 
empty spaces and better guarantee their filling. This information is particularly 
relevant since unfilled areas may host bacteria and enable them to grow and 
migrate easier to the apical region, thus leading to apical periodontitis (Ricucci & 
Siqueira 2010, Brandão et al. 2019). 
Silva et al. (2016) has also evaluated the influence of working length on  
the ability of sealing materials, using photomicrographs of a scanning electron 
microscopy. They compared the working lenght 1 mm short of the apical foramen; 
at the limit of the foramen; and 1 mm over the foramen. It was observed that the 
second group had the foramen area better filled than the first group. Although  
they evaluated only the filling of the apical foramen, their results are in 
accordance to ours, in which G2 had 91% of the apical 1 mm filled by the sealer, 
whilst G1 had 74%. 
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Furthermore, other studies evaluated the influence of foramen 
instrumentation on the cleaning and sealing of the apical region and the healing 
of periapical tissues. They observed that not only the instrumentation of the apical 
foramen is a determining factor for better results, but also its enlargement (Souza 
Filho et al. 1987, Fornari et al. 2010, Brandão et al. 2019). On the other hand, the 
potential harm to the periapical tissues has supported the principle of the working 
length staying short of the apical foramen and some studies concluded that apical 
enlargement does not improve the quality of endodontic therapy, therefore, the 
removal of dentine in the apical part of root canals may not be necessary (Ricucci 
1998, Coldero et al. 2002). Since controversy remains on the preparation size of 
apical foramen, we decided to maintain the same finishing file for both groups, 
with the working length being the only variable; however, since we used a 
finishing file size 40.06 at the level of the foramen on G2, this group had main 
foramens with larger diameters than G1. 
Concerning the root canal ramifications, in our study, both groups were 
poorly filled by the sealer when compared to the main canal (p<0.05).This result 
is in accordance to Ricucci & Siqueira (2010), that though histopathologic 
observations demonstrated that apical ramifications were never completely filled 
by endodontic materials. We agree to their belief that a possible explanation for 
this result is the smaller volumes of apical ramifications, which may have 
interfered with the sealer capacity to penetrate those spaces. Another possible 
reason for unfilled ramifications is the presence of debris, which were observed 
during imaging  analysis.  Debris  are  known  as  one  of  the  main  causes  
of postoperative pain, flare ups, and delayed healing (Western & Dicksit 2017). 
Even though researches agree that debris formation is invariably present during 
instrumentation, some clinical conducts could be followed to reduce their 
formation and improve the sealing of ramifications; examples may include the use 
of new irrigation approaches, new instruments, photodynamic and laser therapy 
(Asnaashari et al. 2013, Nagendrababu et al. 2018, Sasanakul et al. 2019). 
Despite connecting the pulpal and periodontal tissues, the role of 
ramifications on treatment failure is still a matter of debate concerning the real 
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need to fill them to optimize treatment outcome. Some studies agree that 
ramifications are not the prime reason for transmitting infection and subsequent 
bone loss since many of them become sealed by dentin and/or cementum over 
time (Pashley et al. 2002, Kramer et al. 2003, Sharma et al. 2016). Moreover, 
other studies reported that unfilled ramifications and periapical inflammation are 
not related, and the healing of lesions after endodontic treatment may occur 
regardless of their filling (Barthel et al. 2004, Ricucci 2010, Ricucci e Siqueira 
2010). On the other hand, other researchers believe that residual necrotic tissue 
in untreated root canals can result in periradicular pathosis, especially when they 
are large enough to harbor significant numbers of bacteria (Schilder 1975, Nair 
et al. 2005; Ricucci et al. 2009). More clinical studies are necessary to confirm 
those hypotheses, crossing clinical information with those obtained from ex vivo 
studies. Due to the limitation in terms of image resolution (Brüllmann & Schulze 
2015) and artifacts (Vasconcelos KF et al. 2015) the assessment of the sealing 
of ramifications using the clinical images is not consistent. 
The visualization of fine details in this study can be attributed to nano-CT 
images; an emerging technology with the potential to provide new insights on the 
influence of root canal anatomy on endodontic therapy (Orhan et al. 2018). Many 
studies in endodontics have used micro-CT as the reference standard, however, 
nano-CT presents a technical advancement of this established technology, with 
higher-definition images and smaller voxel sizes (Kampschulte et al. 2016). 
Huang et al. (2017), compared micro-CT and nano-CT for the quantitative 
analysis of sealer filling quality and observed that nano-CT have a greater ability 
of distinguishing internal porosity, therefore suggesting its use for filling materials 
analysis. 
Despite its advantages, nano-CT cannot be reproduced in an in vivo 
scenario and, therefore, is not feasible for clinical evaluation of root canals 
anatomy. A limitation of this ex vivo study was to obtain standardized tooth 
samples, with the same amount of ramifications and volumes of the main canals. 
In order to overcome this limitation, and meanwhile preserve teeth’s anatomy, 
single-rooted premolars with one main canal and apical ramifications were 
53 
 
 
 
 
carefully selected; however, it does not guarantee a homogeneous pattern 
among the specimens. 
The results of this study provide information about the ability of sealing 
materials to penetrate inside root canals and thus, may guarantee better rate of 
success in endodontic therapy. Further studies should investigate the 
performance of other sealing materials and different treatment strategies, 
especially regarding apical ramifications. 
CONCLUSION 
 
In conclusion, both working length strategies presented a suboptimal filling 
of the ramifications, even if the working length was set at the level of the apical 
foramen. The latter could however allow for a better sealing of the main canal. 
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3 DISCUSSÃO 
 
Um dos objetivos no presente estudo foi avaliar as ramificações 
localizadas nos 3 mm apicais do canal radicular, observando-se uma prevalência 
de 53.3%. A microtomografia computadorizada (micro-CT) foi o método de 
imagem para essa análise, devido à sua alta resolução e natureza não destrutiva 
(Fernandes et al., 2014; Ordinola-Zapata et al., 2016). Os dados sobre 
prevalência podem variar de acordo com os grupos dentários, os diferentes 
métodos de avaliação e a população estudada. De Deus (1975), por meio da 
diafanização, observou a presença de RA em 17% da sua amostra, um resultado 
bastante inferior em relação ao nosso estudo. Adorno et al. (2010) combinou a 
técnica de diafanização com a microscopia digital para avaliar as RA nos dentes 
superiores anteriores de uma população Japonesa. Os incisivos e caninos 
tiveram uma prevalência de 30.7% e 29%, respectivamente. Já no presente 
estudo, incisivos superiores apresentaram um prevalência de 17.2% e os 
caninos superiores 65.7%. A diferença entre os estudos pode ser baseada 
principalmente no método de avaliação, uma vez que a diafanização fornece 
menos detalhes anatômicos que a micro-CT (Acar et al., 2015). Além disso, 
amostras de diferentes populações podem ter contribuído para os resultados 
contrastantes. 
Nesse estudo, diversas RA foram avaliadas através da micro-CT para 
enaltecer sua significância e auxiliar endodontistas e clínicos gerais na 
realização de um tratamento com maior previsibilidade de sucesso. Para que 
esse objetivo seja alcançado, exames por imagem são solicitados para fornecer 
informações clínicas adicionais (Wanderley et al., 2017). A radiografia periapical 
e a tomografia computadorizada de feixe cônico (TCFC) são as modalidades de 
imagem normalmente utilizadas para avaliação de pacientes submetidos ao 
tratamento endodôntico. O presente estudo comparou três métodos 
radiográficos na detecção de ramificações apicais em todos os grupos dentários: 
radiografia periapical em uma incidência (RP1), radiografia periapical em duas 
incidências (RP2) e TCFC. A micro-CT foi utilizada como imagem de referência, 
uma vez que esse método de imagem fornece informações mais detalhadas 
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sobre estruturas anatômicas do que a técnica de diafanização, por exemplo (Lee 
et al. 2014, Acar et al. 2015, Kim et al. 2015, Ordinola-Zapata et al. 2016). 
No presente estudo observou-se um melhor desempenho da TCFC em 
relação a radiografia periapical, mesmo quando realizada duas incidências 
radiográficas. Apesar da radiografia periapical ser considerada o exame 
convencional para avaliação de dentes e estruturas adjacentes, sua imagem 
bidimensional dificulta a visualização de detalhes anatômicos (Fan et al. 2008, 
Bernardes et al. 2009). Nesse sentido, os resultados deste estudo sugerem que 
a TCFC pode ser considerada uma alternativa para avaliar a presença de RA, 
por evitar a sobreposição de outras estruturas anatômicas (Scarfe et al., 2006). 
No entanto, os resultados da TCFC também diferiram do padrão de referência 
(micro-CT), desta forma, os profissionais devem levar em consideração que, 
embora as ramificações apicais não sejam radiograficamente visualizadas em 
todos os casos, é importante planejar um tratamento endodôntico considerando 
sua presença, uma vez que elas podem influenciar o seu resultado (Nair et al., 
2005; Ricucci e Siqueira, 2010). 
O terceiro objetivo do presente estudo foi comparar o preenchimento 
apical do sistema de canais radiculares após instrumentação mecânica em 
diferentes comprimentos de trabalho. Para isso, foi utilizado o nano-CT, uma 
tecnologia inovadora com potencial para fornecer novas informações sobre a 
influência da anatomia do canal radicular na terapia endodôntica (Orhan et al., 
2018). Embora muitos estudos na endodontia utilizem a micro-CT como padrão 
de referência, a nano-CT representa um avanço dessa tecnologia, com imagens 
de alta definição e menores tamanhos de voxel (Kampschulte et al., 2016). 
Huang et al. (2017), compararam micro-CT e nano-CT para a análise da 
qualidade de diferentes cimentos endodônticos. Eles observaram que a 
nanotecnologia tem maior capacidade de distinguir a porosidade interna dos 
cimentos e, portanto, sugerem seu uso na análise de materiais obturadores. 
Os resultados encontrados mostram que a instrumentação definida até o 
forame apical permitiu um maior preenchimento do canal principal, com 95% e 
91% de selamento nos 4 mm e 1 mm apicais, respectivamente. Essa informação 
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é particularmente importante pois os espaços vazios podem funcionar como um 
reservatório para bactérias se multiplicarem e alcançarem a região apical (Nair 
et al., 1990; Ricucci e Siqueira, 2010; Brandão et al., 2019). Silva et al. (2016) 
também avaliaram a influência do comprimento de trabalho no selamento apical, 
utilizando a microscopia eletrônica de varredura. Eles compararam os 
comprimentos de trabalho em: 1 mm aquém do forame apical; no limite do 
forame; e 1 mm além do forame. Observou-se que no segundo grupo houve um 
melhor selamento pelo cimento endodôntico do que no primeiro grupo. Embora 
eles tenham avaliado apenas o diâmetro do forame apical, seus resultados estão 
de acordo com os nossos, onde G2 apresentou um melhor selamento pelo 
material obturador do que G1. 
Em relação às ramificações do canal radicular, nos dois grupos foi 
observada uma sub-obturação em comparação ao canal principal. Esse 
resultado está de acordo com Ricucci e Siqueira (2010), que através de 
avaliações histopatológicas observaram a falta de material obturador nas RA; 
uma possível explicação para esses resultados é o menor volume das RA em 
relação ao canal principal. Embora não tenha sido um dos objetivos nesse 
estudo, outra explicação para a falta de material obturador nas ramificações é a 
presença de detritos, que foram observados durante a análise por imagem. Os 
detritos são conhecidos como uma das principais causas de dor pós-operatória 
e flare up (Western e Dicksit, 2017). Mesmo a formação de detritos estando 
sempre presente durante a instrumentação, algumas condutas clínicas podem 
ser seguidas para reduzir sua formação e melhorar o selamento de ramificações; 
exemplos podem incluir o uso de novas técnicas de irrigação, novos 
instrumentos, fotodinâmica e laser terapia (Siqueira et al., 2002; Asnaashari et 
al., 2013; Nagendrababu et al., 2018; Sasanakul et al., 2019). 
Apesar de conectar os tecidos pulpar e periodontal, o papel das 
ramificações no insucesso endodôntico e a real necessidade de preenchê-las 
ainda é motivo de debate. Alguns estudos concordam que as ramificações não 
influenciam na transmissão da infecção, uma vez que muitas delas são seladas 
pela dentina e/ou cemento ao longo do tempo (Kramer et al., 2003; Sharma et 
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al., 2016). Além disso, outros estudos relataram que não há relação entre as 
ramificações não preenchidas e a inflamação periapical, podendo haver a 
cicatrização dos tecidos após o tratamento endodôntico independentemente das 
ramificações (Camps e Lambruschini, 1991; Barthel et al., 2004; Ricucci, 2010). 
Por outro lado, outros pesquisadores acreditam que o tecido necrótico residual 
em canais não tratados pode causar uma inflamação periapical, principalmente 
quando as ramificações são grandes o suficiente para abrigar um número 
significativo de bactérias (Rud, 1972; Nair et al., 2005; Ricucci et al., 2009). 
Os resultados encontrados nesse estudo indicam que as ramificações 
apicais comumente estão presentes na rotina clínica dos profissionais, e que a 
TCFC pode ser útil na avaliação dessas estruturas, auxiliando profissionais a 
planejar um tratamento com maior previsibilidade de sucesso e elucidar causas 
de um insucesso do tratamento endodôntico. Além disso, durante o preparo- 
químico mecânico do canal radicular é prudente a sua instrumentação em toda 
extensão, de forma a garantir um melhor selamento apical pelo material 
obturador. 
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4 CONCLUSÃO 
 
Foi possível concluir que: 1) A prevalência de RA é consideravelmente alta; 2) A 
realização de duas incidências radiográficas não aumentou a acurácia 
diagnóstica da radiografia periapical, sendo a TCFC superior na identificação das 
RA; e 3) O comprimento de trabalho estabelecido ao nível do forame apical 
permitiu um maior preenchimento do canal principal, no entanto nos dois grupos 
as ramificações foram pouco preenchidas pelo cimento endodôntico. Pela 
descrição da prevalência das ramificações apicais, sua identificação através dos 
métodos de imagens e os fatores clínicos associados à obturação do sistema de 
canais radiculares, espera-se alertar os profissionais sobre o papel das 
complexidades anatômicas na realização do tratamento endodôntico. 
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DADOS DO PARECER 
 
 
Número do Parecer: 2.076.514 
 
 
Apresentação do Projeto: 
Trata-se de estudo transversal, in vitro, que objetiva avaliar a incidência de ramificações 
dos sistemas de canais radiculares nos últimos 3 mm apicais da raiz dentária de todos os 
grupos dentários, utilizando os sistemas radiográficos periapical digital, TCFC e micro-CT. 
Para isto serão utilizados 210 dentes de seres humanos adultos (60 incisivos, 60 caninos, 
60 pré-molares e 30 molares), com as raízes hígidas, totalizando 240 raízes dentárias. 
Para a obtenção das imagens de radiografia periapical digital será utilizado o aparelho 
radiográfico GE 1000® (General Eletric Company, Milwaukee, WI, USA) operando em 50 
kVp e 10 mA, com tempo de exposição de 1 segundo, utilizando as placas de fósforo do 
sistema radiográfico digital VistaScan (Dürr Dental, Beitigheim-Bissigen, Alemanha). Serão 
realizadas exposições radiográficas dos dentes nos sentidos vestíbulo-lingual e mesio- 
distal.Para a obtenção das imagens de TCFC, será utilizado o tomógrafo Picasso Trio 
(Vatech, Fort Lee, New Jersey, EUA). O protocolo utilizado apresentará Field of View (FOV) 
de 51 mm x 51 mm, voxel de 0,2 mm, quilovoltagem de 85 kVp e 5 mA. Os dentes serão 
posicionados no aparelho sobre uma plataforma de acrílico padronizada com o auxílio de 
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linhas guias luminosas do tomógrafo. E para a obtenção das imagens de micro-CT será 
utilizado o aparelho SkyScan 1174 (Bruker, Kontich, Belgium) com os seguintes 
parâmetros de aquisição: 50 kV; 8 mA; 16 µm de tamanho de voxel; 3 frames a cada 0,4º; 
giro de 360º e filtro de alumínio de 1 mm. As imagens serão avaliadas por três especialistas, 
sendo dois endodontistas e um radiologista, com pelo menos dois anos de experiência em 
diagnóstico por imagem, em um ambiente com luminosidade reduzida, utilizando um 
computador com tela plana de 17” com resolução de 1024x768 pixels. Para visualização 
das imagens de radiografia periapical será utilizado o visualizador de fotos do Windows 
(Microsoft, Los Angeles, Califórnia, EUA). Para visualização das imagens de TCFC será 
utilizado o programa On demand 3D (Cybermed Inc., Tustin, Califórnia, EUA). Para a 
reconstrução e visualização das imagens de micro-CT serão utilizados os programas 
NRicon (Bruker, Kontich, Belgium) e DataViewer (Bruker, Kontich, Belgium), 
respectivamente. Os avaliadores serão instruídos a registrar, na escala de 5 pontos (1 – 
ausência de ramificação; 2 – provável ausência de ramificação; 3 – incerteza, 4 – 
provável presença de ramificação; 5 – presença de ramificação), para cada dente em cada 
imagem a observância ou ausência das ramificações nos ápices radiculares. Será entregue 
aos avaliadores uma ficha de avaliação para facilitar as suas respostas e 
consequentemente organizar os resultados. A estatística Kappa será utilizada para 
verificar a reprodutibilidade do método descrito, testando a concordância intra e inter 
avaliadores. Serão calculadas sensibilidade, especificidade, acurácia e área sob a curva 
ROC e comparados por meio de Análise de Variância (ANOVA), seguida de teste Tukey 
com um nível de significância de 5%. O estudo será desenvolvido na Área de Endodontia 
do Departamento de Odontologia Restauradora, na Área de Radiologia Odontológica do 
departamento de Diagnóstico Oral e no Centro de Microscopia e Imagem da FOP 
/UNICAMP. A previsão de duração da pesquisa é de 24 meses a partir da aprovação 
pelo CEP. Pendência 1 (atendida em 15/05/17): Os pesquisadores confirmaram o número 
de dentes a serem utilizados na pesquisa, 210, como consta no projeto e reapresentaram 
a FR com o número correto. Pendência 2 (atendida em 15/05/17): Os pesquisadores 
informaram a distribuição estimada do sexo (65% para o sexo masculino e 35% para o 
sexo feminino) e a faixa etária estimada dos pacientes, com idade entre 20 e 60 anos, que 
tiveram seus dentes extraídos pelo CD. 
 
 
Objetivo da Pesquisa: 
Avaliar a incidência de ramificações dos sistemas de canais radiculares nos últimos 3 mm 
apicais da raiz dentária, utilizando os sistemas radiográficos periapical digital, tomografia 
computadorizada de feixe cônico (TCFC) e microtomografia computadorizada (Micro-CT) 
e avaliar se entre os métodos há diferença na visualização das ramificações nessa região. 
Avaliação dos Riscos e Benefícios: 
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Os pesquisadores informam que a pesquisa não apresenta riscos aos sujeitos da pesquisa, por 
se tratar da utilização de uma amostra de dentes previamente coletada e doada aos 
pesquisadores e os avaliadores envolvidos somente terão acesso as imagens de radiografia 
periapical digital, tomografia computadorizada de feixe cônico e microtomografia 
computadorizada. Informam ainda que os pesquisadores que realizarão a aquisição das imagens 
de radiografia periapical digital, tomografia computadorizada de feixe cônico e microtomografia 
computadorizada farão uso de todas as medidas de segurança para minimizar ao máximo os 
riscos da exposição à radiação X, como: proteção por meio de barreira física. Quanto aos 
benefícios, informam que não há benefício direto aos voluntários e que os pesquisadores se 
beneficiarão ao obterem dados subjetivos a partir dos voluntários que serão fundamentais para 
a análise da pesquisa. 
 
Comentários e Considerações sobre a Pesquisa: 
 
Os pesquisadores justificaram a não aplicação do TCLE aos indivíduos dos quais os dentes 
foram extraídos, pois os elementos dentais foram doados em frasco não identificado, 
impossibilitando a identificação dos participantes. O TCLE será aplicado aos participantes 
avaliadores, que serão convidados a participar da pesquisa pelo pesquisador principal. A 
participação dos alunos de pós-graduação (grupo vulnerável, alunos dos programas de pós- 
graduação em Endodontia e Radiologia Odontológica) foi justificada devido a experiência que os 
mesmos têm na avaliação de imagens em radiografia periapical, TCFC e microtomografia 
computadorizada e para confiabilidade dos resultados. Os pesquisadores informam que como 
medida de redução da vulnerabilidade dos participantes avaliadores, que os mesmos eles serão 
abordados e convidados a participar pelo pesquisador responsável e que os demais 
pesquisadores, professores da instituição, não farão a abordagem aos potenciais participantes. 
Os pesquisadores informam que não há modo alternativo para avaliação. Estão descritas as 
medidas para proteção ou minimização dos desconfortos e riscos previsíveis. A identidade dos 
participantes será resguardada. Não há previsão de ressarcimento de gastos (não há gastos 
previstos para os participantes), nem de indenização, (não há riscos previstos). Não há critérios 
estabelecidos para suspensão ou encerramento precoce da pesquisa. 
 
 
 
Considerações sobre os Termos de apresentação obrigatória: 
 
Os termos de apresentação obrigatória estão presentes e adequados em sua maioria. Foi 
apresentada a carta de envio, a declaração dos pesquisadores, a declaração da instituição, a 
autorização de acesso aos laboratórios da área de Radiologia Odontológica e autorização de 
uso do MicroCT do Centro de Microscopia e Imagem da FOP. Foi apresentado ainda o termo de 
doação de dentes, de um dentista atuante em clínica privada de Garanhuns – PE. Pendência 3 
74 
 
 
 
 
 
(atendida em 15/05/17): Os pesquisadores apresentaram o modelo ajustado de TCLE; A) o título 
no TCLE foi harmonizado as demais partes do protocolo. B) As páginas do TCLE foram 
numeradas sequencialmente. C) a garantia de entrega de cópia foi substituída pela garantia de 
entrega de via assinada e rubricada pelo pesquisador. 
 
Recomendações: 
 
1- Após a aprovação do protocolo de pesquisa os pesquisadores devem atentar para a 
necessidade de envio de relatórios parciais de atividades (no mínimo um a cada 12 meses) 
e do relatório final de atividades (ao término da pesquisa). 2- Reforça-se necessidade de 
registro dos eventuais materiais biológicos coletados que venham a ser estocados para 
uso em pesquisas futuras na forma de Biorrepositórios ou Biobancos e com registro desta 
intenção no TCLE assinado pelo participante. 3- Os pesquisadores devem atentar para a 
necessidade de aplicação de TCLE para coleta de amostras para biobancos e 
biorrepositórios e para a aplicação de novo TCLE quando da realização de novas 
pesquisas com o material estocado. Devem atentar ainda para a necessidade de 
apresentação de relatório de atividades a cada 5 anos, no mínimo. 4- Destaca-se que o 
parecer consubstanciado é o documento oficial de aprovação do sistema CEP/CONEP e 
os certificados emitidos pela secretaria do CEP-FOP, a pedido, após a aprovação final do 
protocolo, só têm valor simbólico e devem ser evitados. 5- Intercorrências ou eventos 
adversos devem ser relatados ao CEP por meio da PB. 6- Eventuais mudanças 
pretendidas no protocolo devem ser comunicadas como emendas ao CEP por meio da PB. 
7- O parecer do CEP-FOP é fortemente baseado nos textos do protocolo encaminhado 
pelos pesquisadores e pode inclusive conter trechos transcritos literalmente do projeto ou 
de outras partes do protocolo. Trata-se, ainda assim, de uma interpretação do protocolo. 
Caso algum trecho do parecer não corresponda ao que efetivamente foi proposto no 
projeto os pesquisadores devem se manifestar sobre esta discrepância. A não 
manifestação dos pesquisadores será interpretada como concordância com a 
fidedignidade do texto do parecer no tocante à proposta do protocolo. 8- Pesquisas com 
dentes doados por profissionais de saúde ainda são toleradas em hipótese pelo CEP-FOP, 
mas os pesquisadores devem estar cientes de que esta solução dista do ideal ético de 
consulta direta ao participante por meio de TCLE específico da pesquisa ou da obtenção 
dos dentes a partir de um biobanco de dentes e que estas últimas situações deveriam ser 
escolhidas em substituição à primeira. 
 
 
 
 
Conclusões ou Pendências e Lista de Inadequações: 
 
Não há mais pendências por resolver 
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Considerações Finais a critério do CEP: 
 
Parecer de aprovação de Protocolo emitido "ad referendum" conforme autorização do 
Comitê na reunião de 05/04/2017. Será submetido para homologação na reunião de 
21/06/2017. 
Este parecer foi elaborado baseado nos documentos abaixo relacionados: 
 
Tipo Documento Arquivo Postagem Autor Situação 
Outros PB_PARECER_CONSUBSTANCIADO_ 
CEP_2057038.docx 
15/05/2017 
11:21:28 
Leny Cecilia Faro 
Pereira 
Aceito 
Informações Básicas 
do Projeto 
PB_INFORMAÇÕES_BÁSICAS_DO_P 
ROJETO_898138.pdf 
15/05/2017 
10:40:39 
 Aceito 
Folha de Rosto 1Folhaderosto.pdf 15/05/2017 
10:38:49 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Outros Respostaaoparecer.pdf 15/05/2017 
10:38:13 
NATALIA SIQUEIRA 
LOBO 
Aceito 
TCLE / Termos de 
Assentimento / 
Justificativa de 
Ausência 
5TCLE.pdf 15/05/2017 
10:37:35 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Outros CEPcompleto.pdf 25/04/2017 
10:03:39 
Fernanda Miori 
Pascon 
Aceito 
Outros 8LinksCV.pdf 22/04/2017 
16:30:40 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Outros 66TermoDoacao.pdf 22/04/2017 
16:27:33 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Declaração de 
Instituição e 
Infraestrutura 
64DecInfra.pdf 22/04/2017 
16:24:05 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Declaração de 
Instituição e 
Infraestrutura 
62DecInst.pdf 22/04/2017 
16:22:47 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Declaração de 
Pesquisadores 
61DecPesq.pdf 22/04/2017 
16:21:54 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Outros 4Comentarios.pdf 22/04/2017 
16:17:52 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Projeto Detalhado / 
Brochura 
Investigador 
3Projeto.pdf 22/04/2017 
16:15:53 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Outros 2Cartadeenvio.pdf 22/04/2017 
16:13:36 
NATALIA SIQUEIRA 
LOBO 
Aceito 
Situação do Parecer: 
 
Aprovado 
 
Necessita Apreciação da CONEP: 
 
Não 
 
PIRACICABA, 22 de Maio de 2017 
 
 
Assinado por: jacks jorge 
junior (Coordenador) 
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ANEXO 3. Comprovante de submissão do artigo: Ramifications in the apical 
region of root canals:  a Micro-CT study in a Brazilian population 
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ANEXO 4. Comprovante de submissão do artigo: Nano-CT assessment of 
the filling in root canal system apical region considering different working 
lengths. 
 
 
